Abstract-Effects of nifedipine (10-8-10-6 M), verapamil (10-6-3X10-5 M) and Bay k 8644 (10-7 M) on the contractions induced by transmural nerve stimulation or agonists were investigated in the circular smooth muscle of guinea pig vas deferens using a ring preparation.
Abstract-Effects of nifedipine (10-8-10-6 M), verapamil (10-6-3X10-5 M) and Bay k 8644 (10-7 M) on the contractions induced by transmural nerve stimulation or agonists were investigated in the circular smooth muscle of guinea pig vas deferens using a ring preparation.
Transmural stimulation (20 Hz for 20 sec) pro duced biphasic contractions consisting of initial phasic and secondary tonic com ponents. Nifedipine preferentially inhibited the tonic component and norepinephrine (NE)-induced contractions over the phasic component and 8,r-methylene ATP (mATP)-induced contractions.
Nifedipine suppressed the enhancing effect of NE on the mATP-induced contractions.
The tonic component and NE-induced contractions were inhibited by verapamil in a similar dose range. Verapamil slightly inhibited the phasic component, but rather enhanced mATP-induced contractions. Bay k 8644 slightly increased the phasic component and mATP-induced con tractions in the presence of prazosin.
Bay k 8644 slowed the relaxation of the tonic component, thereby prolonging the tonic component.
Bay k 8644 also prolonged the duration of NE-induced contractions. These results, except for the con tradictory effects of verapamil between the phasic component and mATP-induced contractions, are consistent with the claim that ATP and NE are responsible for the generation of phasic and tonic component, respectively, in the circular muscle of guinea pig vas deferens.
Recently, we have reported that the con tractions of the circular smooth muscle of the guinea pig vas deferens in response to trans mural stimulation and agonist drugs can be correctly recorded using the ring preparations (1 ) . A train of stimulation with relatively high frequency (more than 20 Hz) produced biphasic contractions composed of initial phasic and secondary tonic components. Our results showed that the neurogenic con tractions of the circular muscle were not only due to norepinephrine but also clue to another transmitter, possibly ATP, although the con tractions were sympathetic in nature. We sug gested that ATP and norepinephrine co released from the sympathetic nerve terminals may be respectively responsible for the phasic and tonic component.
to selectively inhibit the transmural stimu lation-induced phasic contractions and ATP induced contractions and has been used as a 't ool' drug to investigate the neurotransmis sion mechanism (2-6). Therefore, we have investigated the effect of nifedipine on the two components and have compared them with the effects on the 8,r-methylene ATP (mATP) and norepinephrine (NE)-induced contractions in order to ascertain the claim that ATP and norepinephrine are the transmit ters in the circular muscle of the guinea pig vas deferens. We also investigated the effects of verapamil and Bay IK 8644 for comparison.
Materials and Methods
The materials and methods used in the present study were substantially the same as those reported previously (1) . In brief, ring preparations, approximately 2 mm in breadth, were dissected out from the middle portion of the guinea pig vas deferens and suspended in an organ chamber of 10 ml capacity with two ,"L" -shaped stainless wires . They were loaded with 0.3 g resting tension and were allowed to equilibrate for 90 min. Fortransmural stimu lation, a pair of rectangular platinum elec trodes connected to an electrical stimulator were placed on either side of the preparations. The preparations were continuously perfused with the physiological salt solution (PSS) flowing at a rate of 3 ml/min. PSS in the chamber was bubbled with 100% oxygen throughout the experiment. The composition of PSS was as follows: 140 mM NaCI, 6.0 mM KCI, 2.0 mM CaCl2, 1.0 MM MgCl2, 1.0 mM NaH2PO4, 5.5 mM glucose and 5 mM HEPES 2-[4-(2-hydroxyethyl)piperazin-1-yl] ethansulfonic acid), pH adjusted to 7.3 by 0.1 N NaOH; high potassium solution (90 mM) was made by replacing NaCI with equimolar KCI. The temperature of the PSS was maintained at 36°C. Contractions in response to the transmural stimulation and agonists were evoked every 20 min. They were recorded isometrically using an isometric transducer and displayed on a pen recorder.
Parameters of electrical stimulation used were as follows: frequency, 20 Hz; duration of pulse, 0.06 msec; period of stimulation, 20 sec; voltage determined at the electrodes, 4.4 V. For prazosin treatment, the preparations were perfused with 10-6 M prazosin-con taining PSS for at least 30 min. Calcium-entry modulators were added to an organ chamber 10 min prior to the determination of contrac tions. During the period of these treatments, perfusion was stopped. Nifedipine and Bay k 8644 were dissolved in ethanol. The final con centration of ethanol in the organ chamber was 0.3%, which did not affect the neurogenic or agonist-induced contractions. Experiments using nifedipine and Bay k 8644 were done under a dim light.
Nifedipine was from Yodogawa Seiyaku, and Bay k 8644 was gift from Bayer A.G. The other drugs used were the same as those in the previous study (1). 
Results
Effects of nifedipine on the neurogenic and agonist-induced contractions:
As reported before (1), transmural stimulation of 20 Hz for 20 sec produced biphasic contraction composed of an initial phasic contraction and a secondary tonic contraction in the circular muscle of guinea pig vas deferens (Fig. 1A) . Nifedipine dose-dependently inhibited both the phasic and tonic components.
However, the tonic component was much more easily inhibited by nifedipine. Nifedipine at 3x10-' M virtually abolished the tonic component, although the contractions of the phasic type occasionally developed following the initial phasic component (7 preparations out of 10). On the other hand, much higher concentra tion of nifedipine, i.e., 10-5 M, was required to abolish the phasic component.
The dose response curve for the inhibitory effects of nifedipine on the phasic component is shown in Fig. 2 . Quantitative assessment of the ef fects of nifedipine on the tonic component was not made due to the difficulty in deter mining the magnitudes of the tonic com ponent.
In the presence of 10 M prazosin, the transmural stimulation produced only the phasic component (Fig. 113) Effects of verapamil and Bay k 8644: Like nifedipine, verapamil preferentially inhibited the tonic component (Fig. 3A, upper panel) . With the increase in the concentration of verapamil, the tonic component decreased in size and changed to repetitive twitch con tractions. At the concentration of 3 x 10-5 M, the tonic component was abolished in all prep arations tested (n=6), while the phasic com ponent remained with the magnitudes slightly reduced as shown in the dose-response curve (Fig. 3B) . Like the tonic component, contractions to NE were inhibited by more than 10-6 M verapamil and were abolished by 3x10-5 M verapamil (Fig. 3A, lower panel) . In contrast, verapamil rather enhanced the mATP-induced contractions in a dose-dependent manner (Fig. 3A, middle panel and 3B) .
Effects of 10-7 M Bay k 8644, a calcium entry facilitator, are shown in Fig. 4 . Bay k 8644 did not greatly affect or potentiated to a small extent the phasic component. The marked effect of Bay k 8644 was the pro longation of the tonic component (Fig. 4A) . Normally, the circular muscle immediately relaxed upon the termination of stimulation. In the presence of Bay k 8644, the relaxation was delayed, and the tension returned to the pre-stimulation level more slowly, resulting in the prolongation of the tonic component. The magnitudes of the tonic component were slightly increased by Bay k 8644.
Bay k 8644 slightly increased the magni tudes of the NE-induced contractions, and it remarkably prolonged the duration of the con tractions (Fig. 4B ). This effect of Bay k 8644 was obvious at a concentration as low as 10-8 M and became greater dose-dependently.
Bay k 8644 increased the magnitudes and duration of mATP-induced contractions (Fig.  4C, upper panel) . However, such enhancing effects of Bay k 8644 were greatly reduced in the presence of 10-6 M prazosin, as shown in the lower panel of Fig. 4C . The degree of in crement at 10-7 M Bay k 8644 was reduced Effects of NE on mATP-induced con tractions: In order to determine the interaction between N E and mATP, the effects of N E on mATP-induced contractions were examined. Figure 5 shows that 10-5 M NE, which by it self did not induce contraction, enhanced the mATP-induced
contractions. Figure 5 also shows that the enhancement by NE was sup pressed by 3X10-7 M nifedipine. Nifedipine at the same concentration did not affect the mATP-induced contractions (Fig. 5B) .
Discussion
In the present study, three calcium-entry modulators were used at concentrations be tween 10-8 M and 3x10-5 M. It has been reported that nifedipine at 10-5 or 5 X 10-4 M did not affect the nerve-stimulated release of [3H]-NE in the guinea pig and rat vas deferens (7, 8) . Verapamil was reported to increase the NE release in the rat vas deferens at concen trations around 10-5 M, probably by blocking the presynaptic a2-receptors (9) . Bay k 8644 at 10-6-10-5 M, higher than that of the present study, was also shown to increase the NE release in the rat vas deferens (8, 10) ; how ever, the increment was considered to be due to the activation of presynaptic calcium channels by Bay k 8644. Therefore, it is plausible to suppose in the present study that nifedipine and Bay k 8644 selectively affect the voltage-dependent calcium channels in the circular smooth muscle; on the other hand, verapamil may exert nonspecific actions in addition to blocking the calcium channels.
The present study showed that the effects of three calcium-entry modulators on the tonic component were similar to those on the NE-induced contractions and that the effects on the phasic component were generally similar to those on mATP-induced contrac tions. Either nifedipine or verapamil inhibited the tonic component and NE-induced con tractions in a similar dose range. Bay k 8644 prolonged the duration of the tonic com ponent and NE contractions alike. On the other hand, the phasic component and mATP induced contractions were similarly resistant to nifedipine; the dose range of nifedipine to inhibit these contractions was much higher than that required to inhibit the tonic com ponent or NE contractions. Bay 1< 8644 slightly increased both the phasic component and mATP-induced contractions in the presence of prazosin. An exception was observed for verapamil.
Verapamil inhibited the phasic component to some extent, but rather poten tiated mATP contractions. Aside from the op posing effects of verapamil, the above results are consistent with the tenet that ATP and N E co-released from the sympathetic nerve end ings are responsible for the phasic and tonic component of the neurogenic contraction, respectively, in the circular muscle of guinea pig vas deferens.
The reason why verapamil potentiated mATP-induced contractions is not clear. It has been reported that verapamil potentiated the ATP-induced contractions in the longi tudinal muscle of the prostatic portion of the rat vas deferens (9, 11 ) . One of the mecha nisms suggested by Moritoki et al. (9) is that verapamil may have a weak calcium-agonist action as well and facilitate the entry of cal cium. However, this seems not to be likely in the circular muscle of the guinea pig vas deferens since the phasic component, cur rently supposed to be due to ATP, was sup pressed by verapamil.
The difference in the sensitivity to nife dipine between the phasic and tonic com ponent and between mATP and NE-induced contraction indicates that the calcium-entry mechanisms may differ for these contractile responses.
Since the tonic component and the contractions induced by NE or potassium were inhibited by nifedipine in a similar dose range, these contractions may be produced by the entry of extracellular calcium through the potential-operated calcium channels which nifedipine is well known to block strongly. On the other hand, the involvement of these calcium channels seems to be scarce for the phasic component and mATP-induced con tractions. In accordance with this notion, Bay k 8644 affected the tonic component and N E induced contractions more greatly than the phasic component and mATP-induced con tractions.
N latsuki and Saito (12) reported that NE enhanced ATP-induced contractions in the rat vas deferens. In the present study, we observed a similar enhancing effect of NE in the circular muscle of guinea pig vas deferens.
The present results showed furthermore that the facilitating effects of NE were prevented by nifedipine. Previously, we reported the supporting effects of NE on the phasic com ponent (1 ) . The present and previous results regarding the potentiating effects of NE may be explained by assuming that NE elevates the intracellular calcium level by opening the potential-operated calcium channels, thereby providing favorable conditions which en hanced the response of the muscle to ATP.
The fact that prazosin suppressed the enhancement by Bay k 8644 of mATP induced contractions suggests that NE is involved in the potentiation. Norepinephrine leaked spontaneously from the sympathetic nerve terminals may not affect the mATP induced contractions in the normal condition. However, in the presence of Bay k 8644, the leaked endogenous NE, which still does not evoke contraction by itself, may be capable of enhancing the mATP-induced contrac tions since the action of NE is promoted by Bay k 8644.
Unlike the results reported for the longitu dinal muscle of the vas deferens, nifedipine inhibited the tonic component and NE induced contractions more strongly than the phasic component and mATP-induced con tractions in the circular muscle of guinea pig vas deferens. Whether or not this may derive from different mechanisms operative for the actions of transmitters between the two muscle layers seems worthwhile for furhter study.
